Objective: The aim of this study was to determine whether the medial or the lateral mid-patellar approach is the most reliable for intra-articular knee injections. Methods: The study included 76 knees of 76 patients divided into 2 groups. The first group consisted of 38 patients with a knee injury and resultant knee effusion. The second group included 38 patients without any known knee pathology. Patients were matched according to age and gender. The medial joint opening (medial patellofemoral angle) was calculated on a T1-weighted transverse image by measuring the anatomic angle between the femur and the patella. The lateral joint opening (lateral patellofemoral angle) was calculated in a similar way. Results: The medial patellofemoral angle was significantly higher than the lateral patellofemoral angle in both groups (p<0.001).
Joint injections are straightforward procedures that can be performed by orthopedists and primary physicians. [1] Injections are most common in the knee joint (37%), followed by the glenohumeral joint (17%). [2] Despite its widespread use in orthopedic and rheumatologic office settings, the accuracy of the injection has been debated and the techniques have not been standardized. [3] An accuracy rate of 71 to 93% for placement of intra-articular knee injections by an experienced orthopedic surgeon was reported in a prospective series of 240 injections. [4] Another study confirming needle accuracy with imaging and ultrasonic methods reported accuracy rates of only 66% for intra-articular and 33% for extra-articular injections. [5] Several approaches to the knee joint have been described, including the medial, lateral and anterior approach. [4, 6, 7] The majority of studies have reported the lateral approach to be more accurate than the others. [8, 9] However, 100% accuracy could not be obtained in any study through any of the possible portals.
The purpose of the present study was to compare the lateral and medial approaches and to determine the most reliable approach for the intra-articular space of the knee joint using magnetic resonance imaging (MRI).
Patients and methods
The study included 76 knees of 76 patients (18 males, 58 females; mean age: 47.4 years, range: 16 to 81 years) divided into 2 groups. The first group consisted of 38 patients with a knee injury and resultant knee effusion. Patients in this group underwent MRI examination 2 days after the injury which revealed isolated knee injury without fracture. The second group included 38 patients without knee injury or any known knee pathology. Patients were matched according to age and gender. All patients agreed with the testing protocol and consent form was obtained according to our institution policy.
The medial and lateral joint opening were measured on MRI. The examination protocol included sequences in all 3 planes in order to obtain an overview of the joint structure. The implementation of a 3-dimensional spoiled gradient-echo sequence with fat suppression in the oblique sagittal plane was used for determining the actual margins of the joint capsule, medially and laterally, according to the different signal intensity of the synovial fluid. Two experienced radiologists reviewed the MRIs separately. Analysis was performed on the MRI workstation, which was used to apply lines on each image and to measure the appropriate angles automatically.
The medial joint opening was calculated on a T1-weighted axial image by measuring the anatomic angle between the femur and the patella (at the upper edge of the patella, the middle patella, and at the lower edge of the patella) after drawing a line that was parallel to the corresponding femoral condyle and a line that was parallel to the opposite side of the patella (Fig. 1a) . The lateral joint opening was calculated in a similar way (Fig. 1b) .
Statistical analyses were carried out using SPSS v.19.0 (SPSS Inc., Chicago, IL, USA) software. T-tests were used within each group for post hoc comparisons. The level of significance was set at p<0.05.
Results
There were significant differences in all three heights of the patella between the medial and lateral patellofemoral angles in the control group ( Table 1) . The mean medial patellofemoral angle at the upper edge of the patella was 39.6° (range: 36.0° to 43.1°), while the mean lateral patellofemoral angle was 18.6° (range: 15.7° to 21.6°) (p<0.001). The mean medial angle was 30.6° (range: 26.8° to 33.2°) and the mean lateral angle was 6.6° (range: 5.6° to 7.5°) at the mid-patella (p<0.001). At the lower edge of the patella, the mean medial angle was 19.5° (range: 16.5° to 22.6°), while the mean lateral angle was 10.4° (range: 9.1° to 11.7°) (p<0.001).
There were significant differences between the medial and lateral patellofemoral angles in the knee effusion group (Table 1) . At the upper edge of the patella, At the lower edge of the patella, the mean medial angle was 24.6° (range: 21.1° to 28.09°) and the mean lateral angle was 11.7° (range: 9.7° to 13.8°) (p<0.001).
Discussion
Our results revealed that it is easier to enter the knee joint space from the medial side of the upper edge of the patella since the anatomic patellofemoral angle was found to be higher at this site. The medial angle was higher in all three heights of the patella. These findings were confirmed in both healthy knees and knees with effusion. The use of intra-articular injections in the knee joint has increased with the introduction of agents such as hyaluronic acid. The presence of an effusion eases needle placement because fluid aspiration documents the intraarticular placement of the needle. In the absence of an effusion, intra-articular needle placement is more difficult to confirm. Few studies have evaluated the accuracy of needle placement and there is no consensus in the literature on the appropriate technique. [4, 8, 9] Jones et al. [5] used a single radiograph to evaluate the accuracy of injection of a mixture of depo-methylprednisolone and radiographic contrast medium, performed by 5 rheumatologists. The authors reported that 39 out of 59 (66%) knee joint injections were intra-articular and almost one-third were extra-articular. In view of the poor accuracy rate, the authors recommended that knee injection techniques should be refined. Jackson et al. [4] evaluated the accuracy of needle placement in 80 obese patients undergoing treatment for symptomatic degenerative joint disease with the use of fluoroscopy and found an accuracy rate of 71% (57 out of 80 knees) when the anterolateral injection portal was used, 75% (60 out of 80 knees) with the anteromedial injection portal, and 93% (74 out of 80 knees) when the lateral mid-patellar portal injection site was used.
In a meta-analysis, Hermans et al. [10] reported that among 9 studies the accuracy of the superolateral approach was higher than that of the anteromedial approach (93% vs. 75%). In another systematic review of the literature, Daley et al. [11] evaluated the accuracy rate with and without imaging guidance. The authors reported 99% accuracy rate with imaging compared to 79% accuracy rate without imaging guidance. In a similar study, the short-term clinical efficacy of ultrasound guidance intra-articular injections was greater than the efficacy of anatomic/palpation injections. [12] However, the longterm efficacy was not significantly different with either technique. In a randomized, double-blind, controlled study, while ultrasound guided injections were more accurate than the anatomic/palpation injections, the short-term clinical outcomes were not significantly different. [13] Employing radiographic evidence, Toda and Tsukimura [7] reported a higher accuracy rate using the anterolateral approach than the anteromedial approach with the knee at 30° of flexion. The authors highlighted that the approach should be modified according to the radiographic severity of knee osteoarthritis. In a cadaver study, Esenyel et al. [9] reported lower accuracy rates using the mid-patellar medial approach than the anteromedial or anterolateral approaches. While the accuracy rate was higher with the anterolateral approach, the results were not statistically significant when compared to the anteromedial approach. One case has been reported in the literature with saphenous neuropathy following knee joint injection via the medial approach. [14] In the present study, we aimed to provide scientific evidence for accurate intra-articular knee injections using the medial approach. The superolateral approach is the most commonly investigated approach. To our knowledge, there are no studies in the literature that have evaluated the medial approach. The present study is the first to suggest that the medial mid-patellar approach can facilitate an accurate injection since it offers a larger joint space for an intra-articular entry. Many rheumatologists prefer the medial approach with the knee extended because the lateral patellofemoral cleft is narrower and the joint capsule is tougher laterally than medially. [15] Our results also confirm that the medial patellofemoral angle is larger than the lateral. The medial angle in the upper edge of the patella in knees without effusion was 39.6° compared with the lateral angle which was only 18.6°. In knees with effusion, the medial angle was 46.1° compared with the lateral angle of 25.2°.
The medial mid-patellar approach is also easier for the surgeon in cases of overweight patients where there is a difficulty establishing anatomical landmarks about the knee. The large quantity of subcutaneous fat increases the distance between the skin and the joint space and some authors have reported difficulty aspirating and injecting from the lateral joint line. [15] The medial femoral condyle is more prominent as an anatomic landmark than the lateral femoral condyle and the medial edge of the patella is more easily accessible with the patient' s lower limb externally rotated.
Knee injections using imaging guidance have a higher accuracy rate than those using the anatomic/palpation approach. This is more evident for joints with difficult anatomic landmarks, such as the hip and midtarsal joints. However, there is an extra cost, time, and difficulty in the use of imaging in daily clinical application. Moreover, the short-and long-term clinical benefits have not yet been clearly shown. [16] We agree with the notion that imaging guided approach should be used in cases in which the anatomic approach is difficult. [16] The current study was limited to the assessment of the patellofemoral angle according to the type and severity of the underlying disease. Another limitation was the fact that the amount of effusion in the first group varied between the patients. In addition, mean body mass index was different between the two groups.
In conclusion, the medial patellofemoral angle was significantly higher than the lateral in both healthy individuals and knees with effusion. Therefore, intra-articular knee injections appear to be more accurate when performed via the medial approach due to the larger medial joint opening.
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